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Abstract 
Possibility to develop telemetry system for remote control of radiation environment in the preset points in space was examined and 
practically implemented. The system is based on the capability of certain media to emit visible-light photons under ionizing radiation. 
Dedicated high-aperture low-noise detector of photons operated within visual wavelength range allowing selective registration of light from 
the preset point is space was developed. Photon detector was developed on the basis of large-size paraboloid mirror and photomultiplier 
tube with cooled photocathode. Studies of luminosity of air, quartz glass, plexiglass and water under irradiation with alpha particles, beta 
particles and gamma quanta were performed using the developed equipment. It was demonstrated that the developed installation is capable 
to ensure remote detection of ionizing radiation with comparatively low dose rates. The best sensitivity of the installation during operation 
using air as the passive radiator was achieved under irradiation with alpha and beta particles. It is recommended to use radiators made of 
quartz glass and plexiglass for registration of gamma radiation. The main advantages of the system are the absence of cable communication 
lines between sensors and the light detection device, simplicity and reliability of the sensor, its high radiation resistance, expediency of 
the implemented control and possibility to simultaneously control several points inside the controlled premises. The developed installation 
can be useful for evaluation of radiation situation at facilities utilizing nuclear technologies both in normal operation conditions and during 
emergency situations accompanied with leakages of radioactive substances. 
Copyright © 2016, National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). Production and hosting by 
Elsevier B.V. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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a  Introduction 
Optical telemetry radiation monitoring systems refer along
with radio systems to the most efficient and reliable types of
equipment [1–3] . Range of light radiation in atmosphere sig-
nificantly exceeds ranges of ionizing radiation which allows
detecting light signal at significant distances from the source.
Registered light signal contains information both about the
parameters of the ionizing radiation per se (time, energy and
spatial distribution) and about the external conditions of its
generation and penetration (radiation source depth or height,∗ Corresponding author. 
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B.V. This is an open access article under the CC BY-NC-ND license ( http://creatiistance between the source and the point of detection of
he light signal, optical characteristics of the propagation
edium). Development of telemetry methods of detection of
reas in space inside the controlled premises with elevated
alues of dose rates is a promising direction in the advance-
ent of such systems [4] . 
Energetic secondary charged particles are produced in the
edium under ionizing radiation resulting in the ionization
nd excitation of atoms of the medium. Optical radiation is
enerated in translucent medium as the result of luminescence
nd fluorescence. Generation of Cherenkov radiation is pos-
ible for secondary electrons with energies in excess of the
hreshold determined by the optical properties of the specific
edium. 
In practice there are cases when serious accidents emerge
ccompanied with release of large amounts of radioactive
ubstances. In such cases it is necessary to localize in space
he source of radiation and to undertake preliminary assess-
ent of the level of contamination. Application of telemetryscow Engineering Physics Institute). Production and hosting by Elsevier 
vecommons.org/licenses/by-nc-nd/4.0/ ). 
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Fig. 1. Block diagram of the experimental installation operated in the counting mode: 1 – ligthproof diaphragm installed in position 2 during background 
measurements. 
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g  onitoring in the assessment of contamination level in
ase of surface contamination with α-emitting isotopes is
roblematic. The prospect of implementation of such remote
onitoring technique may significantly reduce risks of irra-
iation of personnel conducting mitigation operations on the
mergency site. Such measurements could be performed in a
tand-alone mode if it were possible to equip all potentially
angerous premises with large number of detectors which is
ot always practical because of high associated costs. 
Possibility is examined in the present study to develop the
ystem in which ionizing radiation in contact with air or with
ther media produces photons of visible light while dedicated
etector ensures registration of emitted photons penetrating
rom the preset area in space, is capable to determine the lu-
inous power emitted by these photons at remote distances
nd makes on this basis estimation of local dose rate of ion-
zing radiation. 
lock diagram of the experimental installation 
Layout of the experimental installation is shown in Fig.
 . The mainstay of the installation in the parabolic mirror
ith 34-cm diameter serving as the concentrator of light pen-
trating from one point in space (location where the sample
nder investigation is placed) to other point where light de-
ecting device is positioned. Use of this property of the mirror
llowed spacing the source of radiation and the photoelectric
etector at some distance from each other and, thus, reduc-
ng the radiation background. The cause of this background
s the fact that ionizing radiation interacting directly with ma-
erials of the photoelectric detector (for instance, with glass)
s capable to generate in it light radiation which is not as-
ociated with radiation emitted from the spatial area undereasurement and, therefore, this light acts as a background.
he most reliable method for reducing this background is to
reate the conditions when the source of radiation and the
hotoelectric detector are positioned at large distances from
ach other. Protection of the photoelectric detector made of
aterials efficiently absorbing ionizing radiation and installed
etween the photoelectric detector and the source of ionizing
adiation can serve as additional protection from background.
Furthermore, the system under discussion can be re-
onfigured in such a way as to sequentially study light power
mitted from different spatial areas and spatial distribution of
uminous intensity. In fact, by changing the direction of opti-
al axis of the mirror and the distance between the mirror and
he photoelectric detector one can achieve projection on the
hotoelectric detector of virtual image of any point in space
nside the controlled premises or equipment. Such approach is
nteresting because correlation exists between the intensity of
onizing radiation and the intensity of light within the given
rea in space. Such design of the photoelectric detector al-
ows effectively suppressing background from parasite light
ources (light penetrating from directions other than the di-
ection towards the sample will be collected beyond the limits
f sensitive area of the photoelectric detector). 
Detector of photons is positioned at the point where the
irror shapes the image of the light source (sample). In this
onfiguration light reflected from any point of the mirror
urface has equal chances to reach the photoelectric detector
nd to be detected. With such geometry the photoelectric
etector is located at significantly larger distances from the
ource of radiation than the sample under measurement
hich allows reducing the background. Small fraction of
amma quanta capable to reach the photoelectric detector is
16 V.A. Khryachkov et al. / Nuclear Energy and Technology 2 (2016) 14–19 
Fig. 2. Spectrum of single-electron pulses of FEU 143-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Outside appearance of the detecting unit. 
e  
l  
l  
O  
o
 
l  
l  
f  weakened due to the arrangement of 1.5-cm thick lead plate
in the given part of the detector. 
Light sensors based on the use of photomultiplier tubes
(PMT) are widely used for detection of weak light sources.
Efforts were undertaken to select the PMT allowing obtaining
optimal value of the effect-to-noise ratio in order to achieve
maximum sensitivity. PMT FEU 143-1 possessing the best
signal-to-noise ratio was selected according to the results of
implemented studies of wide range of photomultipliers. It is
known from reference literature that intrinsic single-electron
noises of photomultipliers caused by thermal emission are
sharply reduced when photocathode is cooled down [5] . In
connection with this it was decided to use the above op-
portunity to reduce the spectrometer’s intrinsic background.
For this purpose copper cold conductor was arranged inside
the photomultiplier packaging with one side surrounding the
PM photocathode and the other side attached to the clod side
of the battery consisting of two Peltier elements (TEMO-6)
connected in series. Direct 5-A electric current was passed
through Peltier elements connected in series. Hot side of
Peltier elements was connected to the radiator equipped with
fan for forced cooling. For preventing fogging of the pho-
tocathode PMT packaging was equipped with thin translu-
cent aperture window made of plexiglass. Besides that, ther-
mal insulation was arranged inside the packaging between
the PM casing and the packaging shell for reducing the heat
flux. Testing conducted using miniature thermocouple demon-
strated that the developed system allows reducing temperature
of photocathode by 20 °C. As the result of cooling intrinsic
dark current of the PMT was reduced by three times ( Fig. 2 ).
External view of the detection module is shown in Fig. 3. 
The result of measurements is the number of photons emit-
ted by the sample per unit time when ioni zing radiation passes
through it. For determining this value it is necessary to de-
termine the absolute efficiency of photon detection by the
developed system. In the measurements of absolute detectionfficiency of the spectrometer it is necessary to have reference
ight source with very low power. Light source on the basis of
ow-power incandescent bulb (6 V, 50 mA, 0.3 W) was used.
ne candela (1 Cd) of light power corresponds to one watt
f electric bulb electric power [6] . 
Thus, with 10-% accuracy light power of the reference
ight source was equal to 0.3 Cd. Despite the fact that such
ow-power light source removed at the distance of 1.29 m
rom the mirror was used, the effect produced by it resulted
V.A. Khryachkov et al. / Nuclear Energy and Technology 2 (2016) 14–19 17 
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t  n significant overload of the detector. Liminescent intensity
f the light source had to be significantly reduced in order
o determine the correlation between the light flux and the
umber of counted sibgle-electron pulses. That is why stan-
ard calibrated light filters with 126-, 500- and 1.5 ·10 5 -fold
ight attenuation coefficients were applied. 
Attenuation of light simultaneously with three filters was
ndertaken for obtaining “reasonable” count rate. In this case
otal light attenuation amounted to 9.45 ·10 9 . Measurements
ere conducted by sequentially remotely turning the bulb on
nd off. Results of measurements produced the value equal to
97 pulses per second. Based on the above result estimation
as made of the absolute efficiency of the detecting system
hich amounted to 7.28 ·10 −5 pulses per photon. The obtained
alue seems to be small but, nevertheless, let us for the pur-
ose of illustration estimate the maximum distance at which
t will be possible to “discern” burning candle (or, more ac-
urately, to tell whether it is burning at all or not). As it was
emonstrated by the experiment light bulb with 0.3 W power
laced at the distance of 1.29 m produced after attenuation of
ight power by 9.45 ·10 9 times the load equal to 197 pulses
er second. Then light bulb with 1-W power placed at the
ame distance would produce the load equal to 3.3 × 197 ×
.45 ·10 9 ≈ 6.1 ·10 12 pulses per second. Here the distance at
hich the effect from such source of light will correspond to
he load equal to 50 pulses per second conf idently segregated
gainst the background will be equal to 160 km. Thus, spec-
rometer is capable to detect light from burning candle at the
istance of 160 km. 
esults of measurements 
Measurements of intensity of light emitted from air, quartz
lass, plexiglass and water under mixed gamma and neutron
rradiation from Pu-Be source with strength equal to 1.3 ·10 6 
eutron/s, 238 Pu α-emitting source from the set of reference
pectrometry alpha sources (OSAI) and 137 Cs source of γ -
nd β-radiation from the set of reference spectrometry gamma
ources (OSGI) were performed using the installation under
tudy. Samples (quartz glass, plexiglass and container with
ater) had cylindrical shape ( d = 7 cm and h = 4 cm) one of
he butt ends of which was translucent and directed towards
he mirror. 
During determination of intensity of light emission from
ir induced by α-particles α-emitting source was suspended
n a thin cord at the distance of 2.5 cm from the point image
f which after reflection in the parabolic mirror is found on
he photocathode surface. Range in air for α-particles with
.5-MeV energy at normal conditions is equal to 4.1 cm. Op-
ical system of the detector was tuned to effectively collect
n the photocathode all light produced within this volume
nd incident on the mirror. Results of measurements are pre-
ented in Fig. 4 and in Table 1 . Effect of luminescence in
vident in the case under discussion and exceeds manifold
he measurement uncertainty. 
Standard isotropic 137 Cs source emitting γ -quanta with
61-keV energy and β-particles with maximum energy equalo 1175 keV was used in the determination of luminescence
ntensity of air under γ - and β-radiation. Design of the OSGI
ource is such that β-particles with energies in excess of 0.5
eV can easily leave the source and after that decelerate in
he air surrounding the source. It has to be noted that the
umber of γ -quanta is approximately equal to the number
f β-particles but, at the same time, because of the fact that
-quanta have small cross-sections of interactions with air,
ractically the whole observed effect in the air in the vicinity
f the source is determined by β-particles. Results of mea-
urements are also presented in Fig. 4 and Table 1 . Since
ertain fraction of β-particles emitted from 137 Cs has ener-
ies sufficient for causing Vavilov –Cherenkov light emission
n the water, the light yield may depend on the humidity of
mbient air. When dew point is reached and small drops of
iquid appear in the air contribution from Vavilov –Cherenkov
ffect may become determining. 
Results of measurements of luminous intensity of air under
adiation emitted from Pu-Be source are presented in Fig.
 and in Table 1 . Effect of luminescence in this case is small
nd is on the level of noises. Nevertheless, results of the
xperiment demonstrate that neutron sources with intensities
n excess of 1.5 ·10 6 neutrons/s can be effectively detected
sing the suggested method. 
In the measurements of luminous intensity from quartz
lass, plexiglass and water the sample was suspended di-
ectly at the point image of which after reflection in the
arabolic mirror was found on the surface of photocathode.
u-Be source (1.3 ·10 6 neutrons/s) placed inside the sample
ontainer was used. Results of measurements are presented
n Fig. 4 and Table 1 . Effect of luminescence is pronounced
n this case and exceeds manifold the measurement uncer-
ainty. In the case of quartz glass effect of neutrons will be
ns ignificant because quartz glass contains practically no hy-
rogen and energy of oxygen and silicon nuclei after elastic
cattering of fast neutron on them is comparatively low. On
he other hand, γ -quanta may produce optical luminescence
ue to Vavilov –Cherenkov effect. Effect observed in the ex-
eriments with plexiglass and water is evident although ac-
ording to its absolute value it is smaller as compared with
uartz glass by two – three times which is explained by sig-
ificantly smaller density of these media and by their inferior
uminecscence properties. 
Absolute luminosity of samples expressed in photons/s can
e obtained from the figures presented in Table 1 using cali-
ration constant determined experimentally. 
onclusions 
System for registration of small-intensity light fluxes gen-
rated in different media under the effect of radioactive ra-
iation was developed, built and investigated. Measurements
f luminosity of different media under the effects of ionizing
adiation of different nature were performed. It was demon-
trated that the observed effects can be used as the basis for
he development of new telemetry radiation monitoring sys-
em. The most promising is the application of the system in
18 V.A. Khryachkov et al. / Nuclear Energy and Technology 2 (2016) 14–19 
Fig. 4. Results of measurements of light yield from air, quartz glass, plexiglass and water under α-, β- γ and n- γ radiation. Lightproof curtain was installed 
during background measurement between the radiation source and the detector. 
Table 1 
Results of measurements. 
Sample Radiation source Effect + background Background Effect 
Air 239 Pu, α 2289 ± 37 468 ± 20 1821 ± 57 
Air 137 Cs, β 1250 ± 23 842 ± 13 408 ± 36 
Air Pu-Be, n, γ 2469 ± 67 2316 ± 53 153 ± 120 
Quartz glass Pu-Be, n, γ 35970 ± 453 2499 ± 207 33471 ± 660 
Plexiglass Pu-Be, n, γ 14894 ± 359 2604 ± 147 12290 ± 506 
Sea water Pu-Be, n, γ 13158 ± 83 2046 ± 74 11112 ± 157 
V.A. Khryachkov et al. / Nuclear Energy and Technology 2 (2016) 14–19 19 
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[  uestion using ambient air as the radiator for remote detec-
ion of surface contamination with α- and β-emitting isotopes.
onitoring of neutron and gamma-fields can be implemented
sing passive radiators made of quartz or plexiglass. Use of
ir as the radiator for registration of neutrons and γ -quanta
s possible only for large values of local dose rates. 
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